The application of Near-infrared reflectance (NIR) spectroscopy in livestock manure samples has been limited by the requirement that each instrument must be individually calibrated. One possible solution to the problem is the transfer of NIR calibrations from one instrument to another. Seventy-two beef cattle feedlot manure samples were collected and scanned through the Foss NIRSystem 6500 (master) and the Foss NIRSystem 5000 (slave) instruments. Calibration equations for analyzing 11 constituents, total solids (TS), volatile solid (VS), total nitrogen (TN), ammonia nitrogen (NH 3 -N), phosphorus (P), calcium (Ca), potassium (K), sulfur (S), sodium (Na), zinc (Zn) and copper (Cu) of beef cattle feedlot manure samples were built in each instrument by the leave-one-out cross validation using partial least squared (PLS) regression. Three standardization methods including cloning, direct standardization (DS), and piece-wise direct standardization (PDS) were used to transfer the master equations to slave spectra. The 72-sample data set was split into a 30-sample standardization set to generate standardized files and a 42-sample prediction set to test the accuracy of different standardization methods. Results of this study show that the performances of calibrations for two instruments are similar. The standard error of difference (SED) was calculated based on the values of master spectra predicted by the master equations and slave spectra (standardized or not) predicted by the master equations. The SED of the standardized slave spectra was much less than the corresponding SED of the unstandardized slave spectra. The SED of the standardized slave spectra predicted by the master equations were less than the corresponding standard error of prediction (SEP) of master calibration models. This study is a first report to demonstrate that the transfer of manure sample calibrations between instruments was successful. It promises to be a satisfactory alternative to individual instrument calibration. 
INTRODUCTION
Near-infrared reflectance (NIR) spectroscopy analysis is an instrumental method for rapidly and precisely measuring the nutrient contents in livestock manure samples (Nakatani et al, 1996; Millmier et al, 2000; Reeves and Van Kessel, 2000; Reeves, 2001; Ye et al, 2001 ). However, the application of NIR spectroscopy in livestock manure samples has been limited by the requirement that each instrument must be individually calibrated. Although it is not difficult to operate the calibration software, extensive training and experience and accurate chemical analysis of the calibration samples are required to develop a comprehensive and accurate analysis equation for each constituent (Shenk et al., 1985) . One possible solution to the problem is the transfer of NIR calibrations from one instrument to another such that only one calibration laboratory would be required. Unfortunately, there are spectral differences even between NIR instruments of the same make and model (Dardenne and Biston, 1990) . Because of spectral differences between NIR instruments, the use of calibration models from the first instrument may produce erroneous results from the second instrument.
In order for an equation derived on one instrument to give similar results on another instrument, the transfer of NIR calibrations across instruments has commonly been achieved by multivariate instrument standardization to correct the differences between instruments and avoid recalibration (Park et al., 1999a,b) . After the spectra obtained with the secondary system are made equivalent to those that would have been obtained with the primary system, the calibration models built on the primary instrument can be applied to these modified spectra. Most reports in transferring calibration models have been focused on NIR application to agricultural products (Shenk et al, 1985 and Park et al., 1999a,b) . Park et al. (1999a,b) reported that cloning was successful for the calibration transfer from the Foss NIRSystem 6500 to the Foss NIRSystem 5000 and from the Foss NIRSystem 6500 to the Bran & Luebbe 500 in undried grass silage. Shenk et al. (1985) also reported that it was possible to satisfactorily transfer calibrations of forage between instruments by cloning. Wang et al. (1991) reported that cloning, direct standardization (DS), piece-wise direct standardization (PDS) standardization methods were successful for the calibration transfer using the simulation and real data. Wang et al. (1991) also found that PDS standardization method was best among different standardization methods.
So far, the transfer of calibration models in sensing nutrient contents of livestock manure samples between instruments has not been investigated. Manure, especially earthen feedlot manure, is much more variable than grains or forages and consequently presents a much larger challenge to predict accurately. The objective of this study was to examine the possibility of transferring beef cattle feedlot manure calibration models developed on one model of NIR spectrophotometer (i.e. Foss NIRsystem 6500) to another model spectrophotometer (i.e. Foss NIRsystem 5000) by using three standardization methods.
MATERIALS AND METHODS

Standardization samples
Beef cattle feedlot manure samples (n=72) were collected from farms in Oklahoma by Oklahoma State University (OSU) in the summer of 2000. 1-2 kg samples were collected, thoroughly mixed, sealed, and immediately frozen in freezer quality Ziploc® bags. Two sub-samples, one for NIRS scan sealed by an 8-cm by 15-cm 6 mil Ziploc ® bag and one for wet chemical analysis, were taken from each thawed manure sample. Chemical analyses of total solids (TS), volatile solid (VS), total nitrogen (TN), ammonia nitrogen (NH 3 -N), phosphorus (P), calcium (Ca), potassium (K), sulfur (S), sodium (Na), zinc (Zn) and copper (Cu) of manure samples were performed at Iowa Testing Laboratories, Inc., (Eagle Grove, IA). The concentrations of TS and VS were measured according to the official methods of Association of Official Analytical Chemists 942.05 (AOAC). The concentrations of TN, and NH 3 -N of manure samples were determined by the combustion analysis following standard methods for the Examination of Water and Wastewater (SMEWW). The concentrations of P, K, Ca, S, Na, Zn and Cu were done with acid digestion followed by Inductively Coupled Plasma-Atomic Emission Spectroscopy (ICP-AES) analysis. All assay values except VS were expressed on an as-is basis. The concentration of VS was expressed on the dry weight basis. Table 1 gives the range and standard deviations of the samples for 11 constituents of interest in this study.
NIR INSTRUMENTS
This study was conducted using two instruments: the Foss NIRSystem 6500 monochromator (NIR Systems, Inc., Silver Spring, MD) at Iowa State University (ISU) was the master instrument; The Foss NIRSystem 5000 monochromator (NIR Systems, Inc., Silver Spring, MD) at OSU was referred to as the slave instrument. Both instruments contain a computer-based system with a scanning monochromator. The Foss NIRSystem 6500 is equipped with Si (400-1098 nm) and PbS (1100-2498 nm) detectors while the Foss NIRSystem 5000 is only with PbS (1100-2498 nm) detector. Spectral data were recorded at 2-nm intervals as log(1/R), where R represented decimal fraction transmittance. Prior to making the measurements, the instruments were validated according to the diagnostic procedure of WinISI 1.04 (InfraSoft International, LLC., Port Mathilda, USA) software: noise level, detector response, and wavelength accuracy to obtain wavelength accuracy and photometric repeatability.
NIR SCANNING
Samples were first scanned by the Foss NIRSystem 5000 at OSU, then frozen, and sent to ISU to be scanned by the Foss NIRSystem 6500. The frozen samples were allowed to thaw and equilibrate to room temperature, then scanned at ISU. The samples were scanned in the coarse transport cell on both instruments. This is a rectangular cell with a quartz window. The solid samples were gently pressed onto the crystal surface to ensure good contact. The instrument read 12 reference scans of the ceramic reference material, and the transport speed of the coarse transport cell allowed 24 complete wavelength range scans across the half length of the quartz window. The WinISI software automatically averages these 24 scans to minimize the effects of sample heterogeneity. Also duplicate scans of each sample were measured to check the repeatability.
DEVELOPMENT OF CALIBRATION EQUATIONS
Since the spectrometers cover different spectral regions, a common wavelength range from 1100 to 2498 nm was chosen for the development of calibrations and for comparability between the two instruments. Master equations for analyzing 11 constituents, TS, VS, TN, NH 3 -N, P, Ca, K, S, Na, Zn, and Cu of beef cattle feedlot manure samples were developed on the Foss NIRSystem 6500. Six different mathematical data pretreatments including standard normal variate transformation, first and second derivatives, centering data, multiple scatter correction, and orthogonal signal correction were applied to derive the calibration equations by leave-one-out cross validation using partial least squared (PLS) regression, which was used to select the optimum number of factors and avoid overfitting. The upper limit of PLS factors was 10 because of small sample size. The "best" calibration equations were selected on the basis of the smallest standard error of prediction (SEP) and the largest coefficient of determination (R 2 ). To compare the performance of the Foss NIRSystem 5000, similar calibration development procedures were applied to develop slave equations. Details about the development of calibrations can be found in Ye. et al. (unpublished).
STANDARDIZATION AND STATISTICAL ANALYSIS
Three standardization methods including cloning Westerhaus, 1989 and 1995) , DS (Wang et al., 1991), and PDS (Wang et al., 1991, 1992) were tested in this study. For cloning, determinations of standardization files and transfers of spectra were performed with WinISI Version 1.04 software. For the other two methods, determinations of standardization files and transfers of spectra were conducted using the Matlab environment of Matlab version 6.0 (MathWorks, Inc., Natick, MA) and PLS_Toolbox with Matlab (Wise and Gallagher, 1998). In this study, 30, 3, and 3 spectra were used to generate standardization files for cloning, DS, and PDS, respectively.
The 72-sample data set was split into a 30-sample standardization set to generate standardized files and a 42-sample prediction set. After standardization, the same mathematical transformations were applied to the prediction set as were used to produce the master equations. The master equations for the 11 constituents were applied to the 42-sample prediction set of (1) the master spectra (2) the slave spectra, and (3) the slave spectra standardized to the master. The performance of different standardized methods was assessed by calculating the R 2 and the standard error of difference (SED). If the master spectra predicted by the master equations are regarded as the reference values, the SED can be calculated as follows:
Where Y m are predicted values of samples scanned on the master instrument using the master calibration equations; Y pred are predicted values of the samples scanned on the slave instrument with or without standardization by the master calibration equations; and n is the number of samples in the prediction set. SED and R 2 are computed for each constituent. In this study, the statistics of SEP and SED were compared to evaluate the standardization performance. The SED of each constituent obtained from standardization should be smaller than the corresponding SEP of calibrations: if SED is larger or of the same order of magnitude, standardization is not useful (Bouveresse et al., 1994) .
RESULTS AND DISCUSSION
Comparison of NIR calibrations between two instruments
The statistics of the wet chemistry reference values for the beef cattle feedlot manure samples used to build calibration equations for both instruments are given in Table 1 . The composition of the samples was diverse with wide ranges for most constituents. Using this sample set, leave-one-out cross validation statistics for the optimum PLS calibrations for 11 constituents, developed on each of two NIR instruments, are presented in Table 2 . SEPs of nine of the constituents, TS, VS, TN, NH 3 -N, Ca, P, S, Na, and Zn, for the master equations are slightly smaller than the corresponding SEP for slave equations (Table 2) . Two constituents, K and CU, have slightly larger SEPs for the master equations than their corresponding SEP for the slave equations ( Table 2 ). The similarity between SEPs indicates that the master and slave equations will provide very similar accuracy.
Standardization and calibration transfer Figure 1 shows the optical differences in log 1/R values across the full spectrum for two NIR instruments when the same manure sample was scanned. There is simple wavelength shifting and linear intensity changes between two spectra. The same peaks occur at 1442, 1730, 1932, and 2312 nm on the master and slave spectrum. After standardization the slave spectra become closely aligned to the master spectrum across the wavelength range (1100-2498 nm). Visually, differences in the standardized spectra among three standardization methods became small (Fig.1) .
The calibration transfer results presented in Table 3 show the range statistics, SED, and R 2 for 11 constituents based on 42 beef cattle feedlot manure validation samples. The 42 spectra scanned on the master instrument, predicted by the master equations are regarded as the reference values and the resulting statistics are shown in Table 3 . Results for the same 42 samples, predicted by unstandardized slave spectra using the master equations resulted in lower R 2 and very different means, minimum, and maximum compared with the reference values ( 3 -N, Ca, P, K, S, Na, Zn, and Cu, respectively, are larger than the corresponding calibration SEP of the master equations (Tables 2 and 3) . These results agree with the findings of Park et al. (1999a,b) who found that the SED of the unadjusted slave spectra predicted by the master equations was larger than the corresponding SEP of calibration models for undried grass silage. Although there are no statistical differences in means for most nutrients among different methods (P > 0. 05 3 -N, Ca, P, K, S, Na, Zn, and Cu, respectively, for the slave spectra predicted by the master equations compared with those of the slave spectra predicted by the slave equations based on the SED differences (Table 3) .
After the slave spectra were standardized and predicted by the master equations, the means, minima, and maxima agreed with the reference values very well for each standardization method (Table 3 ). There are no statistical differences in means for all nutrients (P > 0.05) ( Table 3 ). The SED values for these standardized spectra for 11 constituents have been reduced greatly compared with the SED of the unstandardized spectra ( Table 3 ). The SED values for each of the constituents for three methods are smaller than the corresponding SEP of calibration models. These results indicate that these standardization methods were successful for transferring calibrations between the two instruments.
The performance of the slave spectra predicted by the slave equations was also tested. These parameter ranges agree with the reference values (Table 3) . However, the calculated SED values are higher than those calculated for the standardized slave spectra predicted by the master equations. Although the slave equations performed worse than the standardized methods, the slave equations still performed fairly well in this study.
CONCLUSION
This study has shown that the development of NIR calibrations for solid beef cattle feedlot manure samples on two similar instruments produced calibrations with similar accuracies. Three standardized methods were tested and judged to be successful for the calibration transfer between two instruments. Accurate and precise transfers can thus be made from one NIR instrument to another with only a few samples. This approach will not require changes or modifications in current instrumentation and would avoid using time-consuming complete recalibration procedures, running a large number of calibration samples, and developing a completely new calibration model. The concentrations are wet-weight except VS which is % of dry-weight.. Means with different letters are significantly different at P < 0.05. 
